Green infrastructure (GI) plays a fundamental role in achieving urban pluvial flood management, mitigating urban heat island effect, and improving living suitability. Residents' participation is the main driving force of GI implementation. Based on semi-structured interviews, GIS spatial analysis, and multiple regression, we investigated residents' willingness to participate in the implementation of GI in public and private space and identified the influence factors in Shanghai, China. The results show that, compared with private space, residents prefer to implement GI in public space, where they have different preferences of GI measures. On urban scale, residents' willingness to participate in the implementation of GI in private space is characterized as "high in the inner city, low in the suburban areas", while the spatial difference is insignificant for public space. In addition, the factors affecting residents' willingness to participate in the implementation of GI are different in private and public space. The deterministic factors of GI participation are gender, education level, and floor for private space, while only include building age for public space, in addition to the common factors of free time, cognition of GI, perception of pluvial flood risk, supportive factors, and environment-improving factors that can influence both private and public space GI participation. Our analysis therefore provides valuable information for policymakers concerning nature-based solutions to climate change adaptation and urban sustainability.
Introduction
In the context of climate change and rapid urbanization, pluvial flooding has posed an increasing challenge for urban sustainability and residents' well-being [1] [2] [3] . Nature-based solutions represented by green infrastructure (GI) to address the issues have been highlighted internationally in achieving ecosystem's flood regulation service (EFRS) [4] [5] [6] [7] [8] [9] . The Environmental Protection Agency (EPA) [10] suggested that "Compared to conventional pluvial flood management approaches, GI has great ecological and environmental benefits, such as reducing urban heat island effect, achieving pluvial flood management, improving water quality". Beauchamp and Adamowski [11] reviewed GI development and management in Europe and North America, indicating that GI also has a potential for aesthetics and
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Methods
The research framework of this study is shown in Figure 1 . First, the socio-economic attributes and characteristics of residents were defined. Second, the assumed influence factors on residents' willingness to participate in implementation of GI were the residents' cognition of GI; their perception of pluvial flood risk; and the factors of policy, technology, funding, etc. Finally, a multivariate regression model was employed to illustrate which key factors affect residents' willingness to participate in implementation of GI in private and public space. 
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Methods
Questionnaire Survey
According to the research hypotheses, a closed-ended questionnaire was used in the survey, which was designed to consist of five parts. The first part is about the socio-economic attributes of the interviewees. The second and third parts show the respondents' cognition of GI and the perception of pluvial flood risk. The fourth part requests respondents to indicate their level of agreement or disagreement (on a five-point Likert scale: 1 = strongly disagree; 3 = neutral; 5 = strongly agree) with 30 questions related to policy, technology, funding, and other influence factors [25, 35, 37, 38] . Finally, the willingness to adopt different GI measures were determined by the statements related to the attitude to participate in the implementation of GI in private and public space on a five-point Likert scale.
Analysis Methods
Qualitative research, multiple regression, logistic regression, and data coding are often used to study factors affecting residents' willingness to participate in the implementation of GI [33, 34] . Because there are many factors affecting residents' willingness, and there may be some correlation between indicators, in this study, we used principal component analysis (PCA) to classify 30 influence variables. On this basis, we used multiple regression models to further explore the influence factors and their mechanisms of behaviors based on the analysis of residents' participation level. The basic model is:
where "y" is the dependent variable, representing residents' willingness to participate in the implementation of GI; "x" is the explanatory variables, including the cognition of GI and the perception of pluvial flood risk, socio-economic characteristics, geographical location, and the related 
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where "y" is the dependent variable, representing residents' willingness to participate in the implementation of GI; "x" is the explanatory variables, including the cognition of GI and the perception of pluvial flood risk, socio-economic characteristics, geographical location, and the related policy, technology, and funding classified by PCA; "i" represents different individuals; α is the regression coefficient; and "u i " is a noise component.
Study Area
This study took Shanghai City as a study area. Shanghai is one of the largest coastal megacities in the world, with a population of 24.18 million and a population density of 3814 person/km 2 in 2017. Located at the mouth of the Yangtze River, the whole city situates in a flat and low-lying coastal region with an average elevation of about 4 m. There are 16 districts, including the inner city (Jingan, Yangpu, Hongkou, Putuo, Changning, Huangpu, and Xuhui Districts), the suburban areas (Baoshan, Jiading, Pudong and Minhang Districts) and the outer suburban areas (Chongming, Fengxian, Jinshan, Songjiang and Qingpu Districts) ( Figure 2 ). A subtropical monsoon climate results in an annual average precipitation of 1170 mm, which is concentrated (69%) during the wet season from April to September [39] . Heavy rainstorms are frequent due to the influence of thunderstorms, Meiyu front and typhoons [40] . policy, technology, and funding classified by PCA; "i" represents different individuals; α is the regression coefficient; and "ui" is a noise component.
This study took Shanghai City as a study area. Shanghai is one of the largest coastal megacities in the world, with a population of 24.18 million and a population density of 3814 person/km 2 in 2017. Located at the mouth of the Yangtze River, the whole city situates in a flat and low-lying coastal region with an average elevation of about 4 m. There are 16 districts, including the inner city (Jingan, Yangpu, Hongkou, Putuo, Changning, Huangpu, and Xuhui Districts), the suburban areas (Baoshan, Jiading, Pudong and Minhang Districts) and the outer suburban areas (Chongming, Fengxian, Jinshan, Songjiang and Qingpu Districts) ( Figure 2 ). A subtropical monsoon climate results in an annual average precipitation of 1170 mm, which is concentrated (69%) during the wet season from April to September [39] . Heavy rainstorms are frequent due to the influence of thunderstorms, Meiyu front and typhoons [40] .
The percentage of impervious surface is approximately 81% in the inner city [41] . The per capita public green area of the city is only 9.21 m 2 [42] . A lack of space for citizens' ecological recreation, the risks of pluvial flooding and high-temperature events in the city have become severe urban problems in Shanghai. Because of the capacity of the urban drainage system and impacts of rapid urbanization, pluvial flooding presents a strong increasing trend over the recent several decades in Shanghai [43] . Shanghai is listed as a pilot of the Chinese national "Sponge Cities" project [9] . In this context, it is helpful to discuss residents' willingness to participate in GI and its influence factors. 
Data
The data for this study were mainly acquired from the questionnaire survey of Shanghai residents' willingness to participate in the implementation of GI from June to October 2018. The survey was conducted for residents who were 12 years or older and had lived for more than one year in Shanghai. The survey spatially covered typical urban communities in the inner city, suburban areas and outer suburban areas in Shanghai. In total, 598 questionnaires were collected, of which 588 The percentage of impervious surface is approximately 81% in the inner city [41] . The per capita public green area of the city is only 9.21 m 2 [42] . A lack of space for citizens' ecological recreation, the risks of pluvial flooding and high-temperature events in the city have become severe urban problems in Shanghai. Because of the capacity of the urban drainage system and impacts of rapid urbanization, pluvial flooding presents a strong increasing trend over the recent several decades in Shanghai [43] . Shanghai is listed as a pilot of the Chinese national "Sponge Cities" project [9] . In this context, it is helpful to discuss residents' willingness to participate in GI and its influence factors.
The data for this study were mainly acquired from the questionnaire survey of Shanghai residents' willingness to participate in the implementation of GI from June to October 2018. The survey was conducted for residents who were 12 years or older and had lived for more than one year in Shanghai. The survey spatially covered typical urban communities in the inner city, suburban areas and outer suburban areas in Shanghai. In total, 598 questionnaires were collected, of which 588 were valid. The spatial distribution of survey samples and the socio-economic attributes of respondents are shown in Figure 2 and Table 1 , respectively. Family size (people) 1 (1%); 2 (12%); 3 (62%); 4 (15%); ≥5 (10%)
Family annual Income (Chinese Yuan) ≤120,000 (30%); 120,000-180,000 (20%); 180,000-240,000 (18%); 240,000-360,000 (19%); ≥360,000 (12%)
Type of housing Villa (8%); Apartment (74%); Old public flats (13%); Placement of the housing (4%); Shantytowns (1%)
Home ownership Owners (90%); Renters (10%) Floor 1 (5%); 2-3 (38%); 4-6 (38%); ≥7 (19%)
Building age (year) ≤1980 (11%); 1989-1990 (17%); 1990-2000 (9%); 2000-2010 (47%);
Pluvial flood experience No (65%); Yes (35%)
Results
GI participation Level and Perception
The willingness of residents to participate in the implementation of GI presents the following characteristics: (1) In general, the level of willingness to participate in the implementation of GI in public space is higher than that in private space ( Figure 3 ). The proportions of residents that would strongly be willing or willing to participate in implementing GI in public space are 23% and 41%, respectively. In contrast, in terms of private space, the proportions are 8% and 23%, respectively.
(2) In terms of the choice preference for the same GI measures, the level of residents' willingness to participate in the implementation of GI in public space is higher than that in private space. (3) In private space, residents prefer roof greening and rain barrels to collect rain water. The proportions of residents who would strongly be willing or willing to choose the roof greening are 21% and 31%, and the rain barrels are 17% and 34%, respectively ( Figure 4a ). (4) In public space, residents show their preference for planting trees, with the proportions of strongly willing and willing being 48% and 38%, respectively ( Figure 4b ).
The residents' cognition of GI and perception of pluvial flood risk show that: (1) The residents' level of cognition and perception are both low. The proportions of residents who have high and very high perception of the pluvial flood risk are 5% and 15%, respectively, while the percentage are 8% and 5% in terms of very strong and strong cognition of GI, respectively ( Figure 3 ). (2) Those residents with higher cognition of GI and perception of pluvial flood risk are more willing to participate in the implementation of GI, which is consistent with previous studies [44, 45] . Sustainability 2019, 11, x FOR PEER REVIEW 6 of 17 
Spatial Distribution of Residents' Participation, Cognition and Perception Level
All survey questions in this study utilize a five-point Likert scale, and the cumulative scores varied for different items. To ensure the consistent comparability, the five-point Likert scale was converted into the hundred-point system. The options were assigned based on the hundred-point system, and scores were then accumulated and divided by the number of items to obtain the final scores. Higher scores indicated higher levels of participation in and cognition of GI, and the perception of pluvial flood risk.
Spatial differences of residents' participation, cognition and perception level were mapped, using Kriging interpolation at township scale ( Figure 5 ). Figure 5a presents the significant spatial 
Spatial differences of residents' participation, cognition and perception level were mapped, using Kriging interpolation at township scale ( Figure 5 ). Figure 5a presents the significant spatial differences Sustainability 2019, 11, 5396 7 of 15 of residents' willingness to participate in the implementation of GI in private space, which characterizes in general higher scores in the inner city while lower in the outer areas, indicating that, in private space, the residents in the inner city are more willing to participate in the implementation of GI than that in surrounding areas. For public space, residents' scores are high in the whole Shanghai, which shows residents have strong willingness to participate in the implementation of GI in public space (Figure 5b ). Figure 5 also indicates significant spatial difference of residents' perception of pluvial flood risk, characterized as lower in the inner city and higher in the outer areas, especially in southern Shanghai, where the pluvial floods are more frequent, which is consistent with the research of Wang and Yin et al. (Figure 5c ). There are large areas of crops which are sensitive to pluvial floods. Therefore, scores of residents' pluvial flood risk perception in outer suburban areas are higher than in other areas [46, 47] . However, residents' cognition of GI stay low in general (Figure 5d ). Table 2 presents the proportion of residents who would be strongly willing or willing to participate in GI of private and public space. The results show: (1) For private space, the proportion of females who would be strongly willing or willing to participate in the implementation of GI is 3.6% higher than that of males. However, in terms of public space, the proportion of females is 2.82% lower than that of males. (2) The elderly or residents with more leisure time have stronger willingness to participate in the implementation of GI in private space. (3) There is a certain correlation between residents' education level, family size and residents' willingness to participate. Higher education level and larger family size are more willing to participate in the implementation of GI. (4) The residents living on higher floors show lower willingness to participate in the implementation of GI in private space, but higher willingness in public space. (5) In terms of housing types, residents living in shantytowns show the highest willingness (up to 50%) to participate in the implementation of GI in private space. The main reason is that the living environment is poor, therefore residents have stronger willingness to improve living condition. (6) In terms of the home ownership, building age, and the experience of pluvial flood in, they all revealed a statistically significant relationship with residents' willingness to participate in the implementation of GI. 
Influence Factors of Residents' Participation in the Implementation of GI in Private Space
Multiple regression modeling was applied to analyze the data. Correlation coefficients of variables are all smaller than 0.6, indicating there is no serious collinearity in the model. Then, the ordinary least squares (OLS) regression was applied to Equation (1). In the regression analysis, the overall p-value is 0.001, indicating the rejection of the null hypothesis and existence of heteroscedasticity. Considering the effect of heteroscedasticity on the significance testing of the model coefficients, we adopted the regression results in which the heteroscedasticity was eliminated with the weighted least squares (WLS) ( Table 4 ). Model 1 adds the socio-economic attributes of residents. Model 2 adds the cognition of GI. Model 3 continues to add perception of pluvial flood risk. Model 4 adds influence factors (Fac_Technology, Fac_Support, Fac_Limit and Fac_Improve). Based on Model 4, Model 5 adds a dummy variable of the spatial location to assess the effect of geographical distribution on the level of residents' willingness to participate in the implementation of GI. To better reflect the effect of the individual socio-economic attributes on residents' willingness to participate in GI and to make comparison among different types of variables, we set the following variables as reference ones: "female" in gender variables, "more than 4 h" in free time variables, "owner" in home ownership variables and "no experience" in pluvial flooding experience variables. Note: *** p < 0.01, ** p < 0.05, * p < 0.10.
When compared the socio-economic attributes, the cognition of GI, the perception of pluvial flood risk, and the influence factors (Fac_Technology, Fac_Support, Fac_Limit and Fac_Improve), all show a statistically significant relationship with residents' level of willingness to participate in the implementation of GI (Table 4 ).
Model 1 shows that, for gender, there is negative correlation between males and the residents' level of willingness to participate in GI in private space, indicating that males have lower willingness to participate in the implementation of GI in private space than females do. There is a positive correlation between education level and the residents' level of willingness to participate in the implementation of GI in private space, which proves that the higher education level have higher willingness to participate in the implementation of GI. Compared with residents with 4 h or more free time, less free time has lower participation level. Meanwhile, residents living in high floors have a low level of willingness to participate in the implementation of GI in private space, while residents living in low floors have a high level. There is no significance among home ownership, pluvial flooding experience and the residents' level of willingness to participate in the implementation of GI in private space.
Model 2 presents that the correlation is significantly positive between cognition of GI and the residents' level of willingness to participate in the implementation of GI in private space, indicating that the higher cognition level of GI shows stronger willingness to participate in the implementation of GI. Model 3 shows that there is a positive correlation between the perception level of pluvial flood risk and the residents' level of willingness to participate in the implementation of GI in private space, which validates that the higher perception level of the pluvial flood risk indicates higher level of participation in the implementation of GI. Adding the variables of the cognition of GI and the perception of pluvial flood risk in sequence, the model's goodness of fit rises from 0.069, to 0.096 and 0.104, correspondingly, reflecting the cognition of GI and the perception of pluvial flood risk play an important role on the residents' level of willingness to participate in the implementation of GI in private space.
Model 4 adds four types of factors: Fac_Technology, Fac_Support, Fac_Limit and Fac_Improve. The result shows that Fac_Support and Fac_Improve can significantly affect the residents' level of willingness to participate in the implementation of GI in private space. Adding those four types of factors, the model's goodness of fit increases from 0.104 to 0.241, which fully demonstrates that Fac_Support and Fac_Improve affect the residents' level of willingness to participate in the implementation of GI in private space.
Model 5 adds the geographical location variable to show the influence of the spatial location on the residents' level of willingness to participate in the implementation of GI in private space. The regression result indicates that the coefficient of the suburban areas is negative, and this verifies that the residents' level of willingness to participate in the implementation of GI in private space in the suburban areas is lower than that in the inner city.
Influence Factors of Residents' Participation in the Implementation of GI in the Public Space
Residents' socio-economic characteristics, the cognition of GI, the perception of pluvial flood risk and other influence factors (Fac_Technology, Fac_Support, Fac_Limit and Fac_Improve) have significant influences on the residents' willingness ( Table 5 ). Model 1 shows: (1) Compared with residents with 4 h or more free time, those with less free time have lower participation level. (2) In terms of the building age, residents who have newer houses are more willing to participate in the implementation of GI in public space. Models 2 and 3 show those with higher level of GI cognition and flood risk perception have stronger willingness to participate in the implementation of GI. Adding the variables of the cognition of GI and the perception of pluvial flood risk in sequence, the model's goodness of fit rises from 0.042, to 0.053 and 0.063, correspondingly, reflecting the cognition of GI and the perception of pluvial flood risk have an important influence on the residents' level of willingness to participate in the implementation of GI in public space. Finally, adding Fac_Technology, Fac_Support, Fac_Limit and Fac_Improve to Model 4, the model's goodness of fit rises from 0.063 to 0.297, which indicates that Fac_Support and Fac_Improve play important roles in residents' willingness to participate in the implementation of GI in public space. 
Discussion and Conclusions
This paper contributes to the literature on residents' willingness to participate in the implementation of GI as it explores spatial differences and the influence factors of GI participation in public and private space. The research reveals some interesting findings as follows.
First, residents' willingness to participate in the implementation of GI is different between public and private space, and this discrepancy varies spatially. Compared with private space, residents prefer to implement GI in public space, where they have different preferences of GI measures. In private space, residents prefer roof greening and rain barrels, while, in public space, residents prefer planting trees.
This finding is consistent with that of H.L. Brown et. al. [32] on private space study and shows the residents preference in public space. Perhaps the reason is the limited private space, as implementing GI in the courtyard, the balcony and other private space would occupy much space. In terms of urban scale, residents' willingness to participate in the implementation of GI in private space is characterized as high in the inner city and low in the suburban areas, while the spatial difference is insignificant for public space. This is completely different from previous research [32] [33] [34] [35] [36] , which shows that the willingness of residents to participate in the implementation of GI is different in private space and public space. There are many old residential areas in the inner city, with poor (green) environment and lack of GI (the per capita green area is 1-4 m 2 ). In contrast, with the rapid development of economy and the emergence of counter-urbanization, in the suburban areas, the environmental quality is much better than the inner city (the per capita green area is 8-12 m 2 ) [42] . Therefore, in private space of the inner city, it shows higher willingness to implement GI than in the suburban areas.
Second, the deterministic factors of GI participation are gender, education level, and floor for private space, while only include building age for public space, in addition to the common factors of free time, cognition of GI, perception of pluvial flood risk, supportive factors, and environment-improving factors that can influence both private and public space GI participation.
Residents' socio-economic attributes, such as gender and education level can affect the participation willingness of GI implementation in private space. This finding is consistent with previous results [34, 36, 45] . The floor and free time significantly influence the implementation of GI. Residents living in a higher floor or having less free time will have a lower level of participation in the implementation of GI in private space. This also explains J.A. Byrne et al.'s [35] conclusion that the elderly have high level of participation because they have much more free time compared to other ages of residents. The finding is different from that of H.L. Brown et. al. [32, 34, 35] . We found that the building age can significantly affect residents' willingness to participate in the implementation of GI in public space. The residents living in the older building indicates lower willingness to participate in the implementation of GI.
Residents with higher cognition of GI and perception of pluvial flood risk have higher willingness to implement GI, which demonstrates that the high level of environment perception is a potential driver for residents to participate in GI [44, 45] . Supportive factors of GI and improving environmental ones are the main factors that affect residents' willingness to participate in the implementation of GI, which is different from A.K. Baptiste et al.'s [34] study. Since China started to implement GI in recent years, and there are not enough related policies, economic incentives, technical support and training. Therefore, one of the main obstructive factors is the policy innovation, which is also verifies the finding of X.S. Dou [31] . The improving environmental factors affect residents' willingness to participate in the implementation of GI, which is consistent with previous studies [34, 37, 48] . Geographical location is one of the factors that affect residents' participation level in the implementation of GI, which is in accordance with our hypothesis. Residents in the inner city have the highest willingness, suburban areas is second, and outer suburban areas is third.
The finding of this research suggest residents' cognition of GI and perception of pluvial flood risk stay at a low level, but the high levels of cognition of GI and perception of pluvial flood risk directly drive residents' willingness to participate in the implementation of GI. Therefore, the most effective way to promote residents' willingness to participate in the implementation of GI is first to popularize the public's cognition of GI and to enhance the public's perception of pluvial flood risk, for example, the community should organize courses to help residents understand the benefits of GI and the problems of pluvial flood, or the government organization should increase publicity on public platforms. Second, the main factors affecting residents' willingness to participate in the implementation of GI include the supportive factors of GI implementation. Residents are mainly concerned about the lack of technology, funding and regulatory support. Therefore, the government can provide in-kind subsidies, such as trees and rain barrels when residents participate in the implementation of GI; the government organization should cancel restrictions such as demolition of illegal buildings and provide technical support for families with conditional implementation of green roofs; the community could regularly invite experts to train residents on technology and maintenance; and, finally, the government should provide some suppliers that can provide reliable and qualified products of GI.
